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Abstract 
The significance of adopting online service and using in the banking industry has attracted researchers' attention in the past 
decade. In such condition that banks use online services to provide easiness and safety in the internet banking transactions for 
their customers, it is natural that studying on the factors affecting customer satisfaction in internet banking system has utmost 
importance in banking industry, today. Hereupon, this research attempts to study the key factors affecting customer satisfaction 
in internet banking system to prioritizing based on cause and effect relationships. For this purpose, according to the literature, 
seven main factors were identified as most important factors affecting customer satisfaction in internet banking which totally 
include 27 measurement items. Then, to evaluate the cause and effect relationships of factors an online questionnaire link 
distributed to professors and students as a group of potential expert users of internet banking and finally 20 completed 
questionnaires collected. To analyze interactions between the factors using Grey-based DEMATEL method, first experts’ 
opinions of grey numbers are converted to crisp numbers and all opinions are unified into a single view. Then the crisp numbers 
normalized in DEMATEL and total matrix of each factor is calculated. At the end, the values of R, D, R+D and R-D are 
calculated, which based on these criteria the cause and effect relationships of factors analyzed and factors affecting customer 
satisfaction in internet banking system prioritized. 
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1. Introduction 
Over the past decades, the extension of new information and communication technologies within the financial 
industry has impacted on customer services of the banks. The speed of growing in technology has more influence on 
changing in the banking industry than any other (Kirakosyan and Dănăiaţă, 2014). Consumer views toward the 
advantage of and tendency to use internet banking were determined and measured (Liao and Cheung, 2002). Internet 
banking is one of the most important businesses in electronic business around the world (Ariff et al, 2012). Internet 
(or online) banking is “a new type of information system which uses emerging techniques like the internet and the 
World Wide Web, and has changed how customers perform various financial activities in virtual space” (Shih and 
Fang, 2006). The definition of internet banking is the user needs to neither buy any software, nor save any 
information and any back up on the computer (Wu et al, 2008).  
Since the internet banking is becoming increasingly popular, it is necessary to survey factors affect their 
customer views, in a systematic way (Wu and Chang, 2012). Thus, the factors affecting customer satisfaction in the 
internet banking system need to be investigated in further studies. On the other hand, cause and effect relationships 
of these factors can impact on knowing internet banking customers’ point of view and improve internet banking 
quality services. 
There are lots of research endeavors aiming at knowing the explanation of customer’s behavioral intentions 
consisted of customer’s intention to preserve their service provider and positive recourse to their environment 
(Yoon, 2010; Beheshti Zavareh et al, 2012; Santouridis and Kyritsi, 2014; Apostolos et al, 2014). But prioritizing 
the factors affecting customer satisfaction in the internet banking system based on cause and effect relationships has 
not been investigated.  
In this paper, factors affecting customer satisfaction in the internet banking will be investigated in literature and 
prior research to determine the final factors. Finally, the distribution of one-to-one comparison questionnaire, will 
ask the influence of each factor, then using a grey-based DEMATEL approach, interactions between these factors 
will be examined to measure and prioritize. 
 
1. Literature review 
1.1. Internet banking 
There are four electronic banking channels: ATMs, touch-dial telephone banking, internet banking, and mobile 
banking. Internet banking is a banking channel that allows consumers to do a wide range of financial and non-
financial services through a bank's website (Hoehle et al, 2012). The first online banking services which used 
internet were established in 1994 by Stanford Federal Credit Union (SFCU), it spreads quickly in the world (Yoon, 
2010). A number of the studies about online banking have been done around the world (Yoon, 2010). As its first 
introduction in the ‘90s, internet banking is increasingly selected by bank customers around the world (Santouridis 
and Kyritsi, 2014). This relatively new banking transactions channel provides its users “round the clock” access to 
bank services, decreased time, direct access around the world, lower costs and removing the anxiety due to cash 
carrying (Santouridis and Kyritsi, 2014). Banking via internet has speared as a strategic reference to obtain higher 
efficiency, control of operations and cost reduction by substituting paper based and labor intensive methods with 
automated processes has resulted to higher productivity and profitability (Malhotra and Singh, 2009). Recent 
empirical researches suggest that internet banking is not having an independent influence on banking profitability, 
although these results may alter as the use of the internet becomes more extended (Malhotra and Singh, 2009). 
Banking via internet has appeared as a strategic reference to obtain higher efficiency, control of operations and cost 
reduction by substituting paper based and labor intensive methods with automated processes has resulted to higher 
productivity and profitability. 
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1.2. Customer Satisfaction in Internet Banking 
These days online banking has huge number of users around the world, so it is important to focus about customer 
satisfaction. Customer satisfaction is the feeling of customers after using a service (Yoon, 2010). The searching on 
the service quality dimension of internet banking customers assess online services also test the relationships between 
service quality dimension customer satisfaction, customer trust and customer loyalty (Wu et al, 2008). Customer 
service is involving its positive effects on customers (Yoon, 2010). Internet banking prepares customers a more 
flexible option that saves their time, effort and enables personal financial management (Takieddine and Sun, 2014). 
Yoon (2010) showed that highly satisfied online bankers were about 39% likely to buy extra products and 
services from their bank. For this reason, knowing the factor affecting customer satisfaction with online banking is 
very important (Yoon, 2010). According to the prior research, some factors affecting customer satisfaction like 
speed, ease of use, security, design, information content, and customer support service, are provided, and the 
impacts of experience on the relevance between these and customer satisfaction are analyzed (Yoon, 2010).  
For transactions leaded among an open network that may conclude huge money values, security mainly with 
regard to appropriate permission and secretly would tend to be that face of trust that matter the maximum (Liao and 
Cheung, 2002). Because internet-based electronic banking includes the transfer of money, people will be especially 
careful in account and implementation (Liao and Cheung, 2002). Operational exactness is a main quality attention in 
products and services including computer technology, therefore because internet-based electronic banking includes 
the transfer of money, people will be especially careful in account and implementation (Liao and Cheung, 2002). 
Reliability is an important factor among in dominant dimension of traditional service quality in internet banking. 
Reliability is basic of the product or service quality (Liao and Cheung, 2002). The definition of reliability is the 
ability to do the promised service dependably and accurately. Some researchers found that reliability ranking was 
the most powerful predictor of customer satisfaction (Zeithaml et al, 1999). 
Internet-based transactions might seem complicated and threatening for many customers so it is appropriate to 
look for the ease of use of web sites to be a necessary determinant of perceived electronic banking (Zeithaml et al, 
1999). It is a measurement of system quality and a determination of information technology adoption (Yoon, 2010).  
Navigability is another factor that has effect on customer satisfaction. It is important so the company must design 
your website to offer functionality and ease of use, because poor design may stop user of revisiting the site 
(Hernández et al, 2009). The navigability reveals the clear website card, chance to find important place and enough 
working links on each page (Vladimirov, 2012). 
The site aesthetic of the online banking web site may affect to customer satisfaction (Yoon, 2010). Researchers 
have studied the impact of aesthetics on customer perception of online internet banking. Site aesthetic involves 
features such as color, size, printing, animation and so on (Zeithaml et al, 1999). 
Therefore, according to the literature the most important factors affecting customer satisfaction in the internet 
banking identified, include: efficient and reliable service, fulfillment, security / trust, site aesthetic, online 
responsiveness / contact, ease of use and website navigability, which each of them has some measurement items 
demonstrated in table 1. Therefore, this study using measurement items in table 1, aims to prioritizing factors 
affecting customer satisfaction in the internet banking system based on cause and effect relationships. 
 Table 1. Factors affecting customer satisfaction in internet banking and their measurement items 
Main Factors Measurement Items 
Efficient and reliable 
services 
Browser Efficiency: The service delivered through the Internet banking pages is quick. 
Web Site Availability: The Internet banking part of website is always available for business. 
Website Interactivity: When the Internet banking section promises to do something by a certain time, it does so. 
Website Proper Work: Complete quickly a transaction through the bank’s website. 
Fulfilment User-friendly interface: Organization and structure of Internet banking pages easy to follow. 
Website Accuracy: Accurate promises about the services being delivered. 
On Time Reaction: The Internet banking part of website launches and runs right away. 
Banking Accuracy: Internet banking transactions are always accurate. 
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Security/trust Customer authentication: No misuse of customers personal Information. 
Safety/Security: Feel safe in internet banking transactions. 
Confidence: Confidence in the internet banking service. 
Site aesthetic Website Attractively: The Internet banking webpage is attractive. 
Website appearance: The Internet banking webpage is visually pleasing. 
Online 
Responsiveness/contact 
Direct and Fast Contact: Prompt response to customer request. 
Quick Help: Quickly resolves online transaction problems. 
Direct Link: The Internet banking customer services are easily accessible by telephone/other means. 
Number of channels for communications: channels like phone number, emails, address, etc. of each functions in 
the bank website. 
Easiness of asking questions online: tools and channels which customers supposed to asking their questions 
should be simple and easy. 
Well function system of FAQs: the proper design of frequently asked questions (FAQs). 
Feedbacks and consumer opinions: forum for discussion, complaints, etc. 
Ease of use Website Info: Easily find what customers need on the website 
Website map: Graphic representation of banks’ websites help customers to use internet banking services 
Convenient Transaction: Able to use the Internet banking utilities of website without a lot of effort 
Website Intelligibility: Graphics used in website adds meaning to website content. 
Website navigability Easiness and speed of navigation: Links need to be descriptive and allow the people to know exactly where they 
are going. 
Efficient search engine: Clients easily find what they search for, with a simple keyword. 
Sufficient number of working links on each page: The website links are valid and active, expired links should be 
removed. 
 
1.3. Research Background 
Several studies have been conducted in the field of internet banking. Yoon (2010) showed that, speed, design, 
information content, security, and customer support service had a significant effect on customer satisfaction in the 
low-experience group or the high-experience group,, but ease of use did not have a significant effect on customer 
satisfaction in either of the groups. Hu and Liao (2011) by studying five domestic banks related to financial holding 
companies in Taiwan, found most important factors of evaluating e-service quality of internet banking with a fuzzy 
multiple-criteria decision-making approach. Zavareh et al. (2012) research showed that efficient and reliable 
services, performance, security/trust, site aesthetics, responsiveness/contact, and ease of use constitute electronic 
service quality for internet banking services in Iran. Hanafizade et al. (2013) presented a systematic review of 165 
research articles published on the adoption of internet banking (1999-2012). Their findings indicated a significant 
increase in interest in the topic of internet banking adoption during this period that leaves a fertile area for academic 
research in the coming decade. Santouridis and Kyritsi (2013) have done a research on investigating the determinant 
of internet banking adoption in Greece, which showed that customer conception about usefulness, credibility and 
easiness of use of internet banking have main effect on intentions towards using internet banking. Kirakosyan and 
Danita (2014) focused on the relationship between the customer satisfaction and loyalty/retention and 
communication management in banking system that concluded that banks required making a paradigm shift in 
management procedures through continuous innovation in the service of customers. Apostolos et al. (2014) provided 
and tested a model to investigate the background of customer loyalty of fixed broadband service providers in 
Greece, which their findings emphasized that perceived service quality dimensions, emotional satisfaction and 
image were critical factors of customer loyalty. Takieddine and Sun (2015) showed that national culture is an 
important moderator as it created differences in internet banking diffusion as well as internet access in different 
country groups. 
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According to the literature, there are lots of research endeavors aiming at discover factors affecting customer 
satisfaction in the internet banking, but prioritizing factors affecting customer satisfaction in the internet banking 
system has not been investigated base on cause and effect relationships. Therefore, this study will be investigate 
these relationships using a Grey-based DEMATEL approach. 
2. Research Methodology 
2.1. Grey System Theory 
Grey systems theory is looking for through the coverage of the data and series production for the real patterns 
modeling based on poor information (negligible) (Liu and Lin 2006). The grey value can be described as the number 
of uncertain data (Dong et al, 2006). 
Assume that X is a universal set, then the G Grey set of universal set X with )(xGP and )(xGP  is defined as the 
top and bottom limit of the G membership function as in equation (1): 
> @1,0:)( oXxGP     ,   > @1,0:)( oXxGP         (1) 
Equation )()( xx GG PP t is entirely comprehensible and the equation of the grey set will become to fuzzy set 
which it indicates that the grey theory is conclude fuzzy and flexibility cases in the contact of hard phase (Nezhad et 
al, 2009). In this study, the number of grey pijX  for P decision that will evaluate the effect of i criteria on j, is 
considered: 
> @pijXpijXpijX   ,.           (2) 
Converting grey data to crisp number for the criteria follows three steps: 
1. Normalization: 
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From equation (8) is used to turn ideas into a unit view 
)...21(
1 p
ijZijZijZp
p
ijZ           (8) 
 
2.2. DEMATEL 
DEMATEL method based on assumptions of a system that includes a set of criteria and paired comparisons and 
the relationship between these criteria is made with mathematical models (Büyüközkan and Çifçi, 2012). 
In this method, firstly, a direct relation matrix organized by according to specialist ideas and the critical factors. 
The resulting T-matrix is an n×n matrix that represents interactions criteria, as ijT  refers to the degree of effect of i 
criterion on j criterion, > @
nnijTT u . 
Then we make the normalized matrix of direct relation (S), > @
nnijSS u , where 10 dd S . Instructions of making 
the matrix S are with respect to equations (9) and (10) as follows: 
¦  dd
 
n
j ijaniMAX
K
11
1
          (9) 
TKS u            (10) 
Then the total relation matrix (T) built using equation (11), where I represents an n×n identity matrix. 
  1 SISM            (11) 
R and D are the sum of rows and columns calculated form the equations (12), (13) and (14) as follows: 
ijmM   i, j=1, 2…, n         (12) 
> @
11 u¦   n
n
j ijmR           (13) 
> @
n
n
j ijmD u¦   11           (14) 
To determine the cause and effect relationships, (R) indicates effectiveness of a factor on other factors 
(effectiveness of variables), (D) for each factor reflects the impact of other factors on it (influence of variables), the 
“Influence” horizontal axis vector (R+D) shows how much importance the criterion has, and the “Relation” vertical 
axis (R-D) categorizes criteria into a cause group and an effect group. When (R-D) is positive, the criterion will be 
assigned to the cause group, and when negative, the effect group (Hung, 2011). 
3. Research Findings 
In this paper, according to the literature, seven main factors were identified as most important factors affecting 
customer satisfaction in the internet banking which totally include 27 measurement items (Table 1).Then, to 
evaluating the cause and effect relationships of all main factors and their measurement items, designed an online 
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questionnaire with one-by-one questions, which asked from respondents to how each factor affect to other factors 
and how other factors affect that factor using linguistic variables (no affect, very low affect, low affect, high affect, 
very high affect). So, the online questionnaire link distributed to professors and students as a group of potential 
expert user of internet banking and finally 20 completed questionnaires collected to analyze interactions between the 
factors using Grey-based DEMATEL method. The demographic statistics of respondents are shown in table 2. 
 
 Table 2. Demographic statistics of respondents 
Sex Age Education IB Experience 
Male Female Under 30 years 30-40 years 40-50 years over 50 years Bachelor (BA) Master (MA) PhD Yes No 
11 9 9 6 2 3 3 9 8 20 - 
 
At this stage after receiving the questionnaires, first according to Fu et al. (2012) the responses from linguistic 
variable turned into grey value range, which the instructions shown in table 3. Second according to equations (3) to 
(7) experts’ opinions of grey numbers are converted to crisp numbers and by equation (8) all opinions are unified 
into a single view. 
                                 Table 3. Linguistic scales for the importance weight of factors 
Linguistic variable Grey values 
Very low [0,0.3] 
Low [0.3,0.5] 
Medium [0.4,0.7] 
High [0.5,0.9] 
Very high [0.7,1.0] 
 
Then the crisp numbers using the equations (9) and (10) normalized in DEMATEL and using equation (11) total 
matrix of each of the main factors and their measurement items are calculated separately. At the end, the values of 
R, D, R+D and R-D are calculated. The results are shown in table 4. 
 Table 4. Results of Grey-based DEMATEL analysis for all main factors and their measurement items. 
Factors R Rank D Rank R+D Rank R-D 
Efficient and reliable services 6.95168537 4 7.77754563 1 14.729231 4 -0.82586025 
Fulfilment 7.22714181 3 7.60711535 2 14.8342572 3 -0.37997354 
Security/trust 6.78090191 6 7.09983856 4 13.8807405 6 -0.31893665 
Site aesthetic 5.75580119 7 5.29978402 7 11.0555852 7 0.45601717 
Online Responsiveness/contact 6.8266369 5 7.08110504 5 13.9077419 5 -0.25446814 
Ease of use 7.98162415 1 7.60593719 3 15.5875613 1 0.37568696 
Website navigability 7.9070029 2 6.95946845 6 14.8664714 2 0.94753445 
Efficient and 
reliable 
services 
Browser Efficiency 15.2966947 3 14.8936723 3 30.1903671 3 0.40302242 
Website Availability 14.5625952 4 14.6622811 4 29.2248763 4 -0.09968596 
Website Interactivity 16.3387973 2 17.5765408 1 33.9153381 1 -1.2377435 
Website Proper Work 16.3953637 1 15.4609567 2 31.8563204 2 0.93440704 
Fulfilment User-friendly interface 19.5870969 2 18.1639888 4 37.7510857 4 1.42310817 
Website Accuracy 20.0022758 1 18.9680534 3 38.9703292 2 1.0342224 
On Time Reaction 18.6405138 4 19.550536 2 38.1910498 3 -0.9100222 
Banking Accuracy 18.7116019 3 20.2589103 1 38.9705121 1 -1.54730837 
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Security/trust Customer authentication 11.4996957 3 12.443108 3 23.9428037 3 -0.94341223 
Safety/Security 13.449475 1 12.6957568 2 26.1452318 2 0.75371811 
Confidence 13.3811975 2 13.1915034 1 26.572701 1 0.18969412 
Site aesthetic Website Attractively 10.4131535 1 10.4131535 1 20.8263069 1 0 
Website appearance 9.41315346 2 9.41315346 2 18.8263069 2 0 
Online 
Responsivene
ss/contact 
Direct and Fast Contact 4.5673798 7 5.53648661 4 10.1038664 5 -0.96910681 
Quick Help 4.94064323 6 5.67613258 3 10.6167758 4 -0.73548935 
Direct Link 5.19582377 4 4.70966875 6 9.90549252 6 0.48615501 
Number of channels for 
communications 
5.16604812 5 4.38353665 7 9.54958477 7 0.78251147 
Easiness of asking 
questions online 
5.82559951 2 5.67766364 2 11.5032632 2 0.14793587 
Well-functioning system 
of FAQs 
5.55854475 3 5.31231001 5 10.8708548 3 0.24623474 
Feedbacks and consumer 
opinions 
6.19646417 1 6.15470511 1 12.3511693 1 0.04175907 
Ease of use Website Info 11.3132883 3 11.3566073 2 22.6698956 3 -0.04331904 
Website map 9.78572669 4 10.6494407 4 20.4351674 4 -0.86371402 
Convenient Transaction 11.9722977 1 11.6634927 1 23.6357903 1 0.30880499 
Website Intelligibility 11.6571721 2 11.0589441 3 22.7161162 2 0.59822807 
Website 
navigability 
Easiness and speed of 
navigation 
19.0280736 2 20.9722824 1 40.000356 1 -1.94420886 
Efficient search engine 19.4961083 1 17.9595429 2 37.4556512 2 1.53656534 
Sufficient number of 
working links on each 
page 
18.0918681 3 17.6842245 3 35.7760926 3 0.40764352 
 
4. Discussion 
As mentioned before, (R) indicates effectiveness of a factor on other factors (effectiveness variables), (D) for 
each factor reflects the impact of other factors on it (influence of variables), The “Influence” horizontal axis vector 
(R+D) shows how much importance the criterion has, and the “Relation” vertical axis (R-D) categorizes criteria into 
a cause group and an effect group. When (R-D) is positive, the criterion will be assigned to the cause group, and 
when negative, the effect group (Hung, 2011). The ranking of factors with respect to these criteria are shown in table 
4.  
As first result, with regard to R criterion for seven main groups of factors, the “Ease of use” has the highest 
impact on other groups. According to D criterion, “Efficient and reliable services” group, most affected from other 
groups. According to R+D, the group of “Ease of use” factor has the most interaction with the other groups which it 
demonstrates great importance of this factor group. Also according to the R-D criterion, the groups “Site aesthetic”, 
“Ease of use” and “Website navigability” are causal factors (positive), and the groups “Efficient and reliable 
services”, “Fulfilment”, “Security/trust”, “Site aesthetic”, and “Online responsiveness/contact” are effect factors 
(negative). 
In the first main group “Efficient and reliable services”, according to R criterion “Website Interactivity” factor 
has the greatest influence on other factors. According to D criterion “Website Proper Work” factor, most affected 
from other factors. According to R+D, the factor of “Website Interactivity” has the most interaction with the other 
factors which it demonstrates great importance of the factor in this group. Also according to the R-D criterion, the 
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factors “Browser Efficiency” and “Website Proper Work” are causal factors (positive), and the factors “Website 
Availability” and “Website Interactivity” are effect factors (negative). 
In the second main group “Fulfilment”, according to R criterion “Banking Accuracy” factor has the greatest 
influence on other factors. According to D criterion “Website Accuracy” factor, most affected from other factors. 
According to R+D, the both factors “Website Accuracy” and “Banking Accuracy” have the most interaction with 
the other factors which it demonstrates great importance of these factors in this group. Also according to the R-D 
criterion, the factors “User-friendly interface” and “Website Accuracy” are causal factors (positive), and the factors 
“On Time Reaction” and “Banking Accuracy” are effect factors (negative). 
In the third main group “Security/trust”, according to R criterion “Confidence” factor has the greatest influence 
on other factors. According to D criterion “Safety/Security” factor, most affected from other factors. According to 
R+D, the factor of “Confidence” has the most interaction with the other factors which it demonstrates great 
importance of the factor in this group. Also according to the R-D criterion, the factors “Confidence” and 
“Safety/Security” are causal factors (positive), and “Customer authentication” is effect factor (negative). 
In the fourth main group “Site aesthetic”, the factor “Website Attractively” according to R criterion, has the 
greatest influence on other factors; according to D criterion most affected from other factors; and according to R+D, 
has the most interaction with the other factors, which these demonstrate great importance of this factor in this group. 
Also according to the R-D criterion, the value of factors “Website Attractively” and “Website appearance” is “zero” 
which is mean they are on the intersection of the axes, they are both causal and effect. 
In the fifth main group “Online responsiveness/contact”, the factor “Feedbacks and consumer opinions” 
according to R criterion, has the greatest influence on other factors; according to D criterion most affected from 
other factors; and according to R+D, has the most interaction with the other factors, which these demonstrate great 
importance of this factor in this group. Also according to the R-D criterion, the factors “Direct Link”, “Number of 
channels for communications”, “Easiness of asking questions online”, “Well functioning system of FAQs”, and 
“Feedbacks and consumer opinions” are causal factors (positive), and “Direct and Fast Contact” and “Quick Help” 
are effect factors (negative). 
In the sixth main group “Ease of use”, the factor “Convenient Transaction” according to R criterion, has the 
greatest influence on other factors; according to D criterion most affected from other factors; and according to R+D, 
has the most interaction with the other factors, which these demonstrate great importance of this factor in this group. 
Also according to the R-D criterion, the factors “Convenient Transaction” and “Website Intelligibility” are causal 
factors (positive), and “Website Info” and “Website Map” are effect factors (negative). 
In the seventh main group “Website navigability”, the factor “Easiness and speed of navigation” according to R 
criterion, has the greatest influence on other factors; and according to R+D, has the most interaction with the other 
factors, which these demonstrate great importance of this factor in this group. But according to D criterion, the 
factor “Efficient search engine” is the most affected from other factors. Also according to the R-D criterion, the 
factors “Efficient search engine” and “Sufficient number of working links on each page” are causal factors 
(positive), and “Easiness and speed of navigation” is effect factor (negative). 
5. Conclusions 
The Grey-based DEMATEL analysis applied in this research, besides prioritizing the factors and determining 
cause and effect factors, getting the entrance data in the range of uncertain numbers is the special characteristic of 
this method, which considers the uncertainty of decision system structure and inputs of decision system. The most 
important result that can be derived from this cause and effect relationship analysis would be the planning to 
advance the goals and division of duties and obligations in internet banking system to boost the customer 
satisfaction; so that the degree of influence of a factor can be attracted the attentions and be considered in planning 
and designing of the internet banking websites to get most satisfactions of their customers. As well as, causal or 
effect factors may also be useful to provide banking services through the internet toward increasing customer 
satisfaction, because in the internet banking system, notifying to the “causal factors” determined in this research, 
and considering them in to planning and designing, can be change and improve their influences on “effect factors” 
in order to make customer satisfaction better. 
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